Starting from the quantity theory of money we analyse the dynamic relationships between money, real output and prices for an unbalanced panel of 110 economies. Complementary to trivariate analyses we also adopt a P-star model explaining inflation via an equilibrium price level ( P-star), which in turn depends on potential output and money. A key issue of the paper is the cross-sectional stability of estimation and inference results. We find cointegration among the considered variables. Particularly for high inflation countries homogeneity between prices and money cannot be rejected. Given homogeneity we find evidence for an errorcorrection mechanism linking current price changes and the lagged price gap. Parameter estimates indicating the adjustment towards the price equilibrium are larger in absolute value for high inflation countries. The latter results indicate that central banks, even in high inflation countries, can improve price stability by controlling monetary growth.
INTRODUCTION
The European Central Bank (ECB) has the primary objective of maintaining price stability in the euro area, which is addressed via a two-pillar strategy of monetary policy (ECB, 1999) . Whereas in the first pillar short-run inflation risks are of primary interest, the second pillar is thought to monitor potential sources for long-run price risks as, e.g., the evolution of monetary aggregates (ECB, 2003) . The latter practice reflects a macroeconomic view at inflation as a monetary phenomenon in the long run. In more recent approaches to model the impact of monetary policy on output or prices, however, monetary aggregates are discarded (Clarida et al., 1999; Taylor, 1999) . These models build on an interest rate function, which has been motivated by Taylor (1993) , and faces an ongoing debate concerning its specification in practice (Svensson, 2003) .
Two avenues of macroeconometric research have been followed to support the monetary view at inflation. On the one hand, stable money demand equations have been derived for individual countries or currency areas, e.g. by Lütkepohl and Wolters (1999) , Coenen and Vega (2001) and Calza and Sousa (2003) . Given a stable equilibrium relationship between output, prices, interest rates and money, monitoring the latter may guard against excessive price instability. In addition, stability of money demand allows to control money growth by means of interest rate adjustments. On the other hand, the long-run relationship between money and prices has been addressed via the so-called P-star approach. In this framework inflation is explained via short-term dynamics and lagged deviations of actual prices from an equilibrium price level with the latter depending on money and potential output (Hallman et al., 1991; Hoeller and Poret, 1991; Kool and Tatom, 1994; Tödter and Reimers, 1994; Tödter, 2002; Gerlach and Svensson, 2003) . Moreover, McCandless and Weber (1995) , Lucas (1996) and Romer (1996) directly illustrate the comovement of money growth and inflation for more than 100 economies by means of scatter diagrams. Analysing a huge set of macroeconomic entities the latter contributions are to be recommended for the magnitude of the evaluated sample information. In terms of statistical efficiency, however, it might be more fruitful to adopt time-series methods exploiting the dynamic relationships between money and prices. In this respect a cointegration approach is a suitable methodological framework since it allows to model jointly short-and long-run dynamics of non-stationary processes, including the adjustment towards an equilibrium relation (Engle and Granger, 1987) .
When analysing a large set of macroeconomies, pooling is a promising device to improve the efficiency of statistical procedures, and, thus, panel cointegration techniques are a natural means to uncover links between money, prices and output over a cross-section. Panel cointegration methods have attracted a large interest in the recent econometric literature (Banerjee, 1999) . Panel cointegration tests have been introduced, e.g., by Pedroni (1999) and Larsson et al. (2001) generalizing the Engle and Granger (1987) methodology and the maximum-likelihood approach ( Johansen, 1988) to cointegration testing, respectively. A crucial assumption often made in panel data econometrics is cross-sectional independence, which is hardly realistic for macroeconometric models. Controlling for cross-sectional error correlation may invalidate conclusions obtained under the unrealistic assumption of shocks hitting isolated economies (O'Connell, 1998) . Recent developments in modelling panel data explicitly allow for contemporaneous error correlation (Chang, 2002; Chang and Song, 2003; Moon and Perron, 2003) . The latter, however, concentrate on the issue of panel unit-root testing. With respect to testing parametric restrictions in cointegrated models Herwartz and Neumann (2005) introduce a bootstrap methodology to obtain critical values for aggregates of cross-section-specific likelihood ratio (LR) statistics, which is valid under contemporaneous error correlation. Phillips and Moon (1999) underscore that, for panel data models, typical challenges posed by the statistical analysis of non-stationary processes, as e.g. spurious regression, may be addressed by exploiting the variation of parameter estimates over the cross-section. In fact, under sufficient homogeneity assumptions holding over the cross-section, country-specific estimates of regression parameters or error-correction coefficients can be assumed to stem from the same distribution. From such an intermediate result, then, asymptotic normality of average parameter estimates is easily established.
In this paper, we analyse the role of money in the development of prices adopting cointegration techniques for an unbalanced panel composed of 110 economies over the period 1960 to 1999. First, cointegration is tested among money, prices and real output for each of the 110 countries separately. Second, restrictions of the cointegrating space are tested by equation and for the pooled system. Third, cross-sectional stability of model parameters is analysed after ordering the panel members according to their average level of inflation. In the fourth place, we adopt a P-star model to investigate if actual prices respond to the lagged price gap, and, finally, discuss whether the latter adjustment is stable over the cross-section.
We confirm the predominant role of money in the evolution of prices. Particularly for high inflation countries we find support for homogeneity between prices and money. Given homogeneity we find evidence for an errorcorrection mechanism linking current price changes and the lagged price gap. In absolute terms the impact of violations of the price-level equilibrium on price changes is larger in high inflation countries in comparison with low or medium inflation economies. The latter results indicate that central banks, even in high inflation countries, can improve price stability by controlling money growth rates.
The remainder of the paper is organized as follows. In the next section the long-run relation between money and prices is outlined, testable parameter restrictions are given, and the adopted econometric methodology is briefly sketched. In Section 3 we introduce the data and provide a more descriptive discussion in the spirit of McCandless and Weber (1995) , Lucas (1996) and Romer (1996) . The dynamic analysis is provided in Section 4. Section 5 summarizes and concludes.
A TIME-SERIES APPROACH

The theoretical model
The long-run relation between money and prices is derived from the so-called quantity equation
Long-Run Links among Money, Prices and Output r Verein für Socialpolitik and Blackwell Publishing Ltd. 2006 where P is the price level, Y is real output, M and V are the money supply and the velocity of money, respectively. Owing to the definition of the variables the relation in (1) is an identity. By making two simplifying assumptions, the quantity equation allows a theoretical view at the cause of inflation. First, the velocity of money is assumed to depend on the institutional structure of the financial system including, e.g., the payment system. Assuming the latter to be time invariant V will be constant. If, second, output is exogenous inflation will mirror changes of the money supply. The so-called 'neutrality' of money goes back to Friedman (1968) . In a growing economy real output may increase at some steady rate, thereby ( partially) 'absorbing' money growth. Furthermore, invariance of velocity is a strong assumption, which should be confirmed empirically (Brand et al., 2002) . As long as output and velocity are in equilibrium, however, equation (1) provides the equilibrium price level measured at actual money holdings, i.e.
where equilibrium values are indicated by a star ( * ). If P and P * exhibit a common trend, inflation is expected to increase (decrease) whenever the current price level is below (above) its reference (Hallman et al., 1991) . The equilibrium price level is not directly observable. Feasible estimates of P * will be conditional on estimates of potential output and trend velocity. For some countries potential output is reported but it is not obvious how to approximate the trend in velocity. Hallman et al. (1991) regard velocity to be stationary in the US. However, for some countries a marked downward trend or trend breaks in (log) velocity (v t 5 ln V t ) have been found in Brand et al. (2002) or Orphanides and Porter (2000) , respectively. Rather than employing a deterministic trend Tödter and Reimers (1994) propose to incorporate a stochastic trend of velocity in case real money demand is income elastic. Formally the latter scenario amounts to b 1 41 in the static representation of real money,
In (3) m t , p t and y t denote the (natural) logarithms of money, prices and real income (GDP), respectively, and b 0 is a constant. If z t is a stationary stochastic process with zero mean, equation (3) describes a cointegration relationship linking real money and output. King and Watson (1997) refer to (3) as a monetary equilibrium condition. In comparison with this long-run relation, a short-run dynamic money demand equation would also take lagged adjustment as well as interest rate variations into account.
Combining the log version of (1) and (3) yields an expression for velocity as
Thus, from (4) a feasible measure of the equilibrium level of velocity is
For b 1 5 1 this approach encompasses the case of stationary velocity. In case b 1 41 (b 1 o1) a decreasing (increasing) trend of velocity is induced as long as potential output is growing. Substituting (5) into the log version of (2) the equilibrium price level can be measured as
According to (3) and (6) the price gap is obtained as (Tödter and Reimers, 1994) :
If there is an equilibrium relation between p t and p * t both will grow at the same rate. Under the assumption that a central bank has formalized a target rate of inflation p, it has to increase the money supply according to the rule Dm ¼ Dy * À Dv * þ p. The equilibrium price level grows at this rate and so does the actual price level in the long run.
Hypotheses of interest
Based on equation (3) several testable relationships can be obtained.
First, the existence of one equilibrium relationship is formalized:
H 1 : p t ; m t and y t are cointegrated with cointegrating rank r ¼ 1:
To test for cointegration the potential cointegrating relationship may be written to allow the interpretation of a price equation, i.e.
In the second place testing the hypothesis H 2 : output is weakly exogenous is informative to clarify if violations of the long-run relation in (8) affect output. Moreover, if output is weakly exogenous it is sensible to assume that potential output y * t is also exogenous. Then, owing to the construction of v * t via (5) the latter is likewise exogenous. A third hypothesis formalizes price homogeneity of money in equation (8), i.e.
Given homogeneity of money, stationarity of velocity is implied under the parametric restriction
providing a fourth hypothesis of interest. Under the alternative hypothesis with b 1 41 (b 1 41) the cointegrating relationship (8) picks up a decreasing (increasing) trend in velocity. Finally, if an estimate of potential output were available, all these conditions could be investigated by means of a test on cointegration between the logs of actual and equilibrium prices, i.e.
H 5 : p t and p * t are cointegrated such that p t À p * t is stationary:
2.3. Methodology
Cointegration testing
From a preliminary analysis of the investigated time series we draw the conclusion that the vast majority of analysed processes is non-stationary and, moreover, stationary after taking first differences. A suitable framework to study the dynamic behaviour of time series, which are integrated of order 1, is the vector error-correction model of order p À 1 (VECM( p À 1)). We first consider a trivariate country-specific VECM( p À 1) for the purpose of illustration and to provide a framework for cointegration testing:
In (9) y it 5 ( p it , y it , m it ) 0 collects observations of prices, money and real output for country i in time t each in terms of natural logarithms. The vector of intercept parameters d i , the (3 Â 3)-dimensional parameter matrices governing short-run dynamics G ik , k 5 1, . . . , p À 1, and the matrix P i are allowed to vary over the cross-section. For convenience we assume that pre-sample values required to implement the VECM in (9) are available. By assumption, u it is a trivariate, serially uncorrelated residual vector with mean zero and covariance matrix O i . Note that if the variables in y it are integrated of order 1 and cointegrated with cointegration rank r the matrix P i allows a factorization as
The VECM in (9) is used here to perform country-specific trace tests on the cointegration rank following the Johansen (1991) procedure. We refrain from applying the panel extension of the trace test introduced by Larsson et al. (2001) since the latter has been derived for a vector autoregression without deterministic components. Moments of the trace statistic relevant for this investigation and required to implement maximum-likelihood panel cointegration testing have not been reported in the literature so far.
Since we are not ultimately interested in country-specific parameter estimation or inference issues but will rather analyse a large (unbalanced) panel of macroeconomic data we will not address pooling issues for the vector model in (9) but concentrate our interest on two particular equations of this system.
Tests of parametric restrictions
Testing on cointegration will show that r 5 1 may be regarded as the dominating cointegration rank over the cross-section leaving A i and B i in (9) as trivariate column vectors. Therefore, we consider a single-equation model to test particular parametric restrictions on long-run parameters or error-correcting dynamics of prices. It is basically the first equation of the VECM in (9), namely
In (10) 
it denote the first rows of d i , A i and u it , respectively, and q itÀ1 is a linear function of lagged stationary variables (as, e.g., Dp itÀs ; Dm itÀs ; Dy itÀs ; s > 0), which is specific on the cross-section to ensure the white-noise property of u
it . Since the particular composition of q itÀ1 varies across countries and is informative only for short-run dynamics, we employ this brief notation. For the empirical exercises, we specify q itÀ1 as parsimonious as possible. The vector B i is normalized with respect to the price variable such that the cointegrating parameters b i1 and b i2 allow an interpretation as income and money elasticities of prices ( Johansen, 2002) .
We infer on parametric restrictions of the cointegrating space at the pooled level by means of unweighted cross-sectional aggregates of LR statistics. Under contemporaneous error correlation the asymptotic distribution of such aggregates is likely to depend on nuisance parameters, which make it cumbersome to derive critical values analytically. The bootstrap approach introduced in Herwartz and Neumann (2005) accounts implicitly for the nuisance parameters and is therefore feasible without making an a priori assumption on the contemporaneous error-correlation structure. We will apply the latter method to infer on homogeneity and weak exogeneity of output.
The assumption that a particular parametric restriction holds over the entire cross-section (of 110 macroeconomies) may be too strong for practical purposes. To evaluate if particular restrictions hold over a subset of the crosssection we will in the spirit of Phillips and Moon (1999) regard parameter estimatesb j1 andb j2 to stem from a distribution which is invariant over some j 5 1, . . . ,N * . Then, if N * is sufficiently large, invariance restrictions for the 
Since under the null hypothesis of cointegration (with r 5 1) at least one element of A i in (9) is smaller than zero a cointegration test may follow similar lines as described for testing restrictions on the cointegrating parameters. To infer on cointegration over a subset of the cross-section one would implement a one-sided test of H 0 : a
2.3.3. Testing weak exogeneity When testing for weak exogeneity of output we consider a cross-sectional system of regressions, which is composed of the second equation in (9) governing error-correction dynamics of real output as follows:
Similar to q it À1 in (10) r it À1 in (13) contains lagged stationary variables necessary to obtain u
it as a white-noise process. We test the restriction H 0 : a ð2Þ i ¼ 0 over all macroeconomies following the bootstrap procedure introduced by Herwartz and Neumann (2005) . Moreover, weak exogeneity is tested over particular subsets of the cross-section by running two-sided significance tests for a ð2Þ the average ofâ ð2Þ j ; j ¼ 1; . . . ; N * . Note that under weak exogeneity of output positive and negative estimatesâ ð2Þ j are equally likely such that opposite to cointegration testing a two-sided test is appropriate for inference on weak exogeneity.
The P-star model
As argued before, the hypothesis H 5 given in Section 2.2 aggregates the restrictions given by H 1 to H 4 . Testing H 5 is feasible by means of a P-star approach where starting from (7) a dynamic relationship linking the price gap and inflation is given as
whereũ it is a white-noise process. Note that opposite to the empirical models in (10) and (13) the model in (14) is given in the form of a conditional error-correction model (Boswijk, 1995) since contemporaneous variations of equilibrium prices ðDp * it Þ augment the set of explanatory variables. Moreover, contrary to the implementation (10) and (13) we assume a set of stationary explanatory variables in (14), which is invariant over the cross-section. Alternatively one may specify cross-section-specific linear combinations of lagged Dp it or Dp * it providing suitable diagnostic features of the error process u it . We refrain from the latter to avoid problems that may evolve in case of subset model selection with generated regressors. We confirm, however, that the empirical model in (14) yields satisfactory diagnostic properties over the cross-section but is presumably not the most parsimonious (conditional) ECM over all members of the cross-section.
To determine equilibrium prices we rely on estimates of potential output obtained from an extended exponential smoothing filter. Details of the latter procedure are given in Appendix A. Tödter (2000) shows that the applied filter is symmetric such that actual and potential output are equal on average. Moreover, to calculate p * t the necessary estimate of income elasticityb i1 is determined via the static regression (3) (Engle and Granger, 1987) . 1 The significance of cointegrating dynamics governing the adjustment of actual prices (hypothesis H 5 ) will be investigated by means of one-sided significance tests for the average coefficient estimate a analogously to the case described in (12).
DESCRIPTIVE ANALYSIS
The data
We investigate a panel of annual data over a cross-section of 110 economies as listed in Appendix B. The time-series data mostly cover country-specific subperiods of at least 15 years and at most the period from 1960 to 1999. Note that the panel is unbalanced. All variables are measured in natural logarithms. The data are mostly taken from the International Financial Statistics (IFS) provided by the International Monetary Fund.
To approximate prices and real output, we use the consumer price index (CPI) and real gross domestic product (GDP), respectively. For some countries, the latter variable is not reported so that we construct it from nominal GDP deflated with CPI. Two alternative monetary aggregates are used. First, we implement the empirical analysis with a narrow definition of money, namely M1. Notably, central banks of industrial countries stress the importance of broad monetary aggregates. Therefore we also construct a variable Mb as the 1. Alternatively, income elasticity estimates as obtained from the ECM (10) may be used to determine the price-equilibrium variable. However, this approach yields a few extreme outliers forb i1 compared with the static regression (3). Hence, we prefer to use parameter estimates from the static regression. Illustrating the latter argument, Box-plots of estimated income elasticities ðb i1 Þ are available from the authors upon request. 
Money growth vs. output and inflation
To provide a first look at the data, we show average geometric growth rates of real GDP, consumer prices and both monetary aggregates. In the left-handside panels of Figure 1 scatter plots are given for growth rates of M1 and Mb versus CPI inflation. To facilitate the interpretation, a 451-line is also shown. For both monetary aggregates country-specific average growth rates cluster closely along the diagonal. Results from a regression of the average inflation rate on a constant and average money growth are shown in Table 1 and confirm the main conclusions drawn from Figure 1 . The degree of explanation (R 2 ) is high with an impact of money growth on inflation that is close to unity. The latter result indicates a strong link between money growth and inflation and is in line with De Grauwe and Grimaldi (2001). Similar charts covering the period 1960 to 1990 can be found in McCandless and Weber (1995) . De Grauwe and Grimaldi (2001) address the stability of the latter regression by means of recursive estimation after ordering the crosssection according to the level of average inflation. Interestingly, it turned out that recursive slope estimates increased with the level of average inflation. Over economies characterized by higher price stability the impact of money growth on inflation is found to be small and insignificant. Adding higher inflation countries to the sample the estimated elasticity approaches unity. The right-hand-side panels of Figure 1 display money against real output in terms of average growth rates. The overall average growth rate of real output is also displayed as a horizontal line. It appears that money does not affect real output. The latter conjecture is confirmed when regressing output growth on an intercept and money growth. Regression results are given in Table 1 . For both monetary aggregates, m1 and mb, impacts on real output are insignificant. Accordingly, the degree of explanation obtained for output growth is small. These results confirm the neutrality hypothesis for money and former work by McCandless and Weber (1995) and De Grauwe and Grimaldi (2001).
DYNAMIC ANALYSIS
Specification issues
In contrast to the cross-sectionally invariant conditional ECM (14) we allow country-specific dynamics q it À1 in (10) and r it À1 in (13) and aimed to specify the latter as parsimoniously as possible. Over all 436 single-equation models it turns out that each estimated parameter inq itÀ1 orr itÀ1 has an absolute t-ratio of at least 1.5. In some cases, the empirical models are augmented with one or two impulse dummy variables to account for 'extreme' outliers. The overall performance of the adopted specification strategy is monitored by means of the Durbin-Watson (DW) and the Box-Pierce (BP) statistic (of order 4 or 8), which we regard as convenient descriptive (DW) or diagnostic (BP) statistics for empirical models containing lagged dependent variables. For almost all of the 436 regression models, DW statistics are close to 2 and the outcomes for the BP statistic are similarly supportive for the selected countryspecific short-run dynamics. Detailed results on the model diagnostics are not provided here for space considerations but are available from the authors upon request. When testing any statistical hypothesis to hold over the entire crosssection it is likely that the asymptotic distributions of employed test statistics will be affected by contemporaneous error correlation over the cross-section. To indicate the potential of cross-sectional error correlation, Table 2 provides the outcome of pairwise LM tests (Breusch and Pagan, 1980) for error estimates obtained from single-equation models explaining Dp t (equation (10)) and Dy t (13), respectively. Owing to the cross-section dimension N(N À 1)/2 5 5,886 of such pairwise test statistics can be provided such that under the null hypothesis of no contemporaneous correlation one would expect 5,886 Ã 5% 5 294 rejections of the null hypothesis when testing at the 5% significance level. From Table 2 it is evident that contemporaneous error correlation is likely to be present in the panel since at least 404 (when modelling Dy t ) or 505 (when modelling Dp t ) rejections of the latter null hypothesis are obtained with 5% significance.
Cointegration testing
As argued before, neglecting the time-series dimension of macroeconometric data may be criticized with regard to statistical efficiency. The application of single-equation ECMs is justified if the involved variables are integrated of order 1 and cointegrated with exactly one long-run relationship. The latter assumptions are tested by means of the multivariate maximum-likelihood methodology ( Johansen, 1991) . Trace test results for the cointegrating rank of 109 VECMs describing S1 and S2 are given in Table 2 . For S1 and S2 cointegration with more than one equilibrium relationship is detected in 12 and 17 macro models, respectively. For the vast majority of macroeconomies the selected cointegration rank is r 5 1, which meets economic a priori reasoning. For 19 (S1) and 22 (S2) cross-section entities the null hypothesis of no cointegration cannot be rejected. The latter result may reflect power deficiencies involved when applying trace tests in systems with a small timeseries dimension and/or large autoregressive order (Hubrich et al., 2001) . Summarizing the evidence for cointegration we conclude that, on the aggregate level, money, prices and output are cointegrated with cointegration rank 1.
Since aggregation over a cross-section of 110 macroeconomies implies potentially strong restrictions we investigate the robustness of the latter results in a similar vein as De Grauwe and Grimaldi (2001) . For this purpose estimates of error-correction coefficientsâ ð1Þ i in (10) are ordered according to the average level of inflation in country i. Arranging the panel this way allows to distinguish between low, medium and high inflation economies. Then, we consider average coefficient estimates over rolling windows as shown in Figure 2 . The upper row of Figure 2 displays rolling averages a ð1Þ obtained over N * ¼ 21 ordered members of the cross-section. 2 Throughout the left-(right)hand-side panels show results for S1 (S2). To facilitate the interpretation of the results, a horizontal zero line and 'one-sided confidence intervals' with 95% nominal coverage are given to visualize the acceptance region when testing on cointegration.
It is apparent that cross-sectional mean estimates are significantly less than zero. The minimum estimate a ð1Þ is obtained over countries with medium inflation rates implying that these economies show the highest direct adjustment of prices in the sequel of violations of the long-run relationship. Surprisingly, price adjustment in high inflation countries proceeds somewhat slower on average in comparison to medium inflation economies. Note that especially high inflation countries are likely to be characterized by both periods with medium inflation rates and periods of hyperinflation. Most countries have experiences with some kind of disinflation. One may imagine that successful disinflation processes, i.e. 'adjustment from above', will require credibility in a central bank's monetary policy. The latter in turn may be relatively weak in high inflation economies.
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Notes: 'Acceptance regions' when testing cointegration (rows 1 and 5) or parametric restrictions (rows 2 to 4) with 5% significance level are also shown. The cross-section is ordered according to the average level of inflation in country i. The window size used to average over parameter estimates is N Ã ¼ 21.
Testing weak exogeneity and homogeneity
Weak exogeneity
If output is weakly exogenous for inference on the long-run equilibrium, a ð2Þ i in (13) is expected to be zero (H 2 ). We test the hypothesis of weak exogeneity of output for both single-equation models and on the pooled level. Results for the former are given in Table 2 and test results obtained at the pooled level are given in Table 3 . On the basis of single equations weak exogeneity of output is rejected in system S1 (S2) for 21 (19) out of 109 single-equation models if critical values are taken from the w 2 (1)-distribution. The latter critical values, however, will be invalid if model disturbances are heteroscedastic. Adopting a heteroscedasticity-consistent bootstrap method (Herwartz and Neumann, 2005) the evidence against weak exogeneity of output is mitigated. From the latter approach weak exogeneity is rejected for 12 (S1) and 15 (S2) economies, respectively.
The bootstrap approach is easily generalized to test the hypothesis H 2 at the level of pooled equations thereby taking both heteroscedasticity and cross-sectional error correlation into account. On the pooled level weak exogeneity of output is rejected at any reasonable significance level. A few country-specific rejections of weak exogeneity appear to dominate the test decision at the aggregate level. In this regard the second row of Figure 2 is informative with respect to the source and direction of possible violations of weak exogeneity. It turns out that estimates a ð2Þ are significantly positive in particular for medium inflation economies. Over high and low inflation economies weak exogeneity of output is particularly evident for the system S2 specified by means of a broadly defined monetary aggregate. Summarizing the latter findings we conclude that neutrality of money holds for the major part of the world's economies. A similar conclusion may be drawn from Bullard (1999) who reviews country-specific studies mostly, but not uniformly, supporting neutrality of money for industrialized economies.
Price homogeneity and stationarity of velocity
The hypothesis of homogeneity is tested at the pooled level with the bootstrap method. For both systems, S1 and S2, homogeneity of prices and money is rejected. Owing to the highly significant violation of homogeneity we refrain from testing H 4 since the interpretation of b 1 signalling an increasing or decreasing trend of velocity is conditional on the homogeneity assumption. Alternatively, the stationarity of velocity may be tested via a composite null hypothesis, H 0 4 : b 1 5 b 2 5 1, which is, not surprisingly, also rejected at any reasonable significance level (see Table 3 ).
Rolling moving averages obtained for estimatesb i1 andb i2 after ordering the cross-section with respect to average inflation are shown in the third and fourth rows of Figure 2 . Note that from the ECM in (10) coefficient estimateŝ b ik ; k ¼ 1; 2; are obtained as the ratio of two OLS estimators, which will tend to be large in absolute value if the estimatorâ ð1Þ i is small. For this reason rolling averages over a window of N * ¼ 21 cross-section members are given only for those countries (single-equation models) whereâ ð1Þ i < À0:05. Taking another threshold, as e.g.â ð1Þ i < À0:03, would only show a weak impact on the overall pattern of b 1 or b 2 and their significance. Owing to the latter practice of censoring, one may regard the results provided in Figure 2 as particularly informative for those macroeconomies showing marked evidence in favour of error-correction dynamics or, equivalently, of cointegration.
Average money elasticities of prices ð b 2 Þ show the expected sign for both systems S1 and S2 and, moreover, appear to converge to unity. An average elasticity of unity is, however, only obtained over higher inflation economies. Interestingly, homogeneity of prices and money is more pronounced for system S1 than for system S2. From this result one may draw the conclusion that monetary policy should primarily control more narrowly defined aggregates, which is somewhat at odds with the practice of central banks in industrialized countries. Note, however, that the present analysis is not restricted to industrialized countries. In addition, central banks may actually monitor monetary aggregates, which have a stronger link to prices than those considered here. For instance, the ECB pays attention primarily to M3, the Bank of England started monitoring M1 and switched to M3 in 1980. Furthermore, the Bank of Japan announces forecasts of M2 plus certificates of deposits (Mishkin, 2003) .
Rolling averages of estimated income elasticities show an unexpected sign over low inflation countries. For example, regarding S1 we obtain in the first sample as an average long-run relationship of approximately p 5 0.25m þ 0.60y. This result may be explained via the common stochastic trend governing money and income and thereby inducing a strong positive correlation between the evolution of money and income. If y is substituted by m, the average money elasticity will add up to approximately 0.85 differing only insignificantly from unity. The higher inflation rates the smaller will be the correlation between money and income and, thus, b 2 increases towards unity. Over higher inflation economies average estimates b 1 and b 2 have the expected sign and do not differ significantly from unity. In general, these results indicate that agents need a substantial inflation rate to be free of money illusion and able to distinguish relative and absolute price increases.
Results from P-star models
Assuming that agents are free of money illusion motivates a P-star approach. We examine the stability of the P-star relation with respect to the countryspecific level of inflation. The bottom row of Figure 2 displays rolling averages ( a) of the estimated adjustment coefficient obtained from (14). Average adjustment coefficients are significantly negative at the 5% level for both systems S1 and S2 and indicate a stable long-run relationship between the price level and the equilibrium price level. When using the narrow monetary aggregate M1 to determine P * the average adjustment coefficient increases (decreases in absolute terms) over those about 40 economies showing the smallest inflation rates on average. Over medium to higher inflation economies the average adjustment coefficient decreases obtaining the strongest error-correcting dynamics over those economies with highest average inflation. With regard to p * -dynamics obtained when constructing this variable from the broad monetary aggregate Mb the average adjustment coefficient is almost monotonically increasing in the level of inflation.
On the one hand, the latter result may be seen as an implication of large monetary growth rates observed in high inflation countries. On the other hand, assuming a symmetric reaction to positive and negative price gaps these countries can stabilize their price development faster by controlling monetary growth rates in comparison with medium inflation economies. Reducing the price gap will faster decrease their inflation rates. Note that a qualitatively similar result was obtained for the evolution of a ð1Þ measuring average error-correction effects in the price equations (10). Moreover, it is worth noting that for the high inflation economies a * is close to a ð1Þ . Falsely imposing homogeneity restrictions over low to medium inflation economies via the P-star model goes at the cost of weakening error-correcting dynamics in (14). One interpretation of this fact may be that authorities in charge of macroeconomic policy hope to achieve output effects from an expansionary monetary strategy.
CONCLUSIONS
We analyse the link among prices, money and output over 110 macroeconomies. Using an unbalanced panel of annual data, the sample covers, at most, the period 1960 to 1999. From a methodological point of view, the adopted ( panel) cointegration analysis allows to consider economic relationships for variables in levels, rather than relying on descriptive comparisons of average growth rates.
Long-Run Links among Money, Prices and Output r Verein für Socialpolitik and Blackwell Publishing Ltd. 2006 We find evidence in favour of one cointegration relationship linking money, prices and output. The parameter restrictions, which are implied by the price homogeneity and stationary velocity, are rejected at the pooled level. However, the overall picture changes if a stability analysis is conducted. Ordering the panel members according to their average inflation rate price homogeneity is clearly confirmed for high inflation rate countries. Building on price homogeneity we follow a P-star approach. Cointegration between actual and equilibrium price level is supported for the entire cross-section thereby providing complementary support for the importance of monetary aggregate for the evolution of prices.
Furthermore, regarding macroeconomic models of monetary policy it seems worthy to specify approaches that account for the development of money, as Tödter (2002), Kremer et al. (2003) or Leeper and Roush (2003) . With respect to the implementation of monetary policy our results underscore the necessity for central banks to monitor a monetary aggregate determining the price level in the long run. Alternative aggregates, however, are likely to have different relations to the price level of a country. Hence, a central bank should control the monetary aggregate with the strongest relationship to the price level to achieve long-run price stability.
APPENDIX A. ESTIMATION OF POTENTIAL OUTPUT
Potential output y * t is estimated by minimizing the function
where y t ðŷ t Þ is the real (smoothed) output, c 1 denotes a drift term and l 5 (1 þ y)/2 is the smoothing parameter (Tödter, 2000) . To determine the latter y is estimated as the first-order autocorrelation coefficient of the OLS residual series w t in the regression y t ¼ y tÀ1 þ c 1 þ w t : ðA:2Þ
The first and second terms in Z reflect the smoothness of the filtered series and the squared output gap, respectively. From the first-order conditions a vector collecting estimates of potential output is seen to be y * ¼ GðlÞ À1 y;
with
In terms of time-specific estimates the filter implies the following dynamic structure:
. . . ; T À 1:
Note that (A.2) may be used to obtain an estimator for c 1 alternatively to solving the minimization problem in (A.1) for c 1 . The latter approach to estimate the drift parameter is particularly useful when accounting for structural shifts of real GDP with known break points by means of impulse dummy variables. In such cases potential output is estimated in three steps. First, real GDP is adjusted for the effects of the impulse dummy variables. Second, the filtered series is determined and, finally, the effect of the impulse dummy is added to the filtered series. 3
APPENDIX B. CROSS-SECTION MEMBERS
